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ABSTRACT
This study focuses on examining the impact of technology on higher order
thinking in the science classroom by first examining the impact of a teacher’s knowledge
of Bloom’s Revised Taxonomy on the integration of higher order thinking activities and
then by examining what levels of higher order thinking exist when technology was
utilized. Previous research has found correlations between the levels of Bloom’s
Taxonomy exhibited when using technology, particularly probeware, simulations/virtual
labs, and special software like LoggerPro. In addition, previous research has shown a
trend of teachers inaccurately categorizing their lessons and activities as having a higher
order thinking level than what was found by researchers.
For this study, teachers were recruited from the Great Prairie Area Education
Agency to submit one to two lessons they determined had students completing tasks at a
higher order thinking level as according to Bloom’s Revised Taxonomy. In addition,
teachers were asked to complete a knowledge inventory to determine their knowledge of
Bloom’s Revised Taxonomy. These pieces of data were then analyzed to determine
whether there were any correlations between the knowledge inventory scores and the
level of Bloom’s their submitted lesson was as well as determining any correlations
between the level of Bloom’s and the use of technology in the activity.
The results of this study found there to be no correlation between a teacher’s
knowledge of Bloom’s and the level of Bloom’s their lesson demonstrated. Teachers in
this study typically incorrectly identified the higher levels of Bloom’s when completing
their knowledge inventory. Additionally, teachers submitted activities that illustrated a

wide variety of higher order thinking when asked to submit ones in which they felt the
highest levels were present. There appears to be a correlation between the primary type of
technology used and level of higher order thinking occurring in the lesson submitted.
Since this was not one of the research questions, future research is needed to validate this
result.
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CHAPTER 1
INTRODUCTION
Every day in classrooms around the country, students not only grab for a pencil
and paper but also a computer in order to complete their homework. More and more, in
today’s classroom, we see students utilizing some sort of technology whether it be
interactive whiteboards, tablets, laptops, or even the latest trend to “bring your own
device” (BYOD). While the range of technology integration is vast, this study focuses on
one-to-one computer technology. One-to-one technology can be defined as schools
issuing an electronic device (iPad, Chromebook, or laptop) for use in the classroom and
at home to use as a tool to learn. Over the past two years, COVID-19 expedited the push
for schools to become one-to-one, which makes it more important than ever to evaluate
and critique the use of technology in the classroom.
Recent studies examined the benefits of technology in the classroom. Some of the
research suggests the use of technology in the classroom increases student achievement.
One prime example is a study where students who were placed into a laptop immersion
program not only scored better on standardized testing, but also had higher GPAs and
better grades than those who were not part of the program (Gulek & Demirtas, 2005).
However, some research shows a different story. For instance, Muyingi (2014) found
having laptops in the classroom led to several distractive behaviors called digital
distractions. These digital distractions were negatively associated with several factors
including, but not limited to: age of student, un-engaging lecture style environment, and
lack of classroom management.
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Researchers have also looked at the age-old question of quantity versus quality of
technology use in instruction. One study examined this question and found a very definite
point where the amount or quantity of the technology use significantly impacts student
achievement (Lei & Zhao, 2007). Lei and Zhao (2007) found the majority of computer
usage in the classrooms they studied was spent on emailing, playing games, or simply
browsing the internet for information. Very rarely were the computers being used for
higher order thinking activities such as creating or constructing something or using
probeware in science despite these activities showing a higher impact on student
achievement as measured with GPA scores (Marcum-Dietrich & Ford, 2002).
One area of classroom technology usage overlooked is the need to research how
the levels of higher order thinking are impacted by science lessons that integrate
technological tools. With the acceptance of the Next Generation Science Standards
(NGSS) as the state of Iowa’s standards for science education, it is important to take
higher order thinking into account more than ever. At the core of the NGSS is the
importance of students to not only have a deep understanding of the content, and to also
be able to take that knowledge and apply it to the real world. This is the purpose of the
Science and Engineering Practices (SEP) portion of the standards. Through the SEP, all
grade levels utilize engineering design and technology applications to emphasize the core
ideas of science (NGSS Lead States, 2013). For this reason, the purpose of this study is to
examine the impact of computer technology use on higher order thinking in the
classroom and compare to the teacher’s knowledge of higher order thinking. The research
done in this study will help science teachers think more critically about curriculum
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choices and enhancing critical thinking when incorporating computer technology in the
classroom.
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CHAPTER 2
LITERATURE REVIEW
History of Computer Technology in the Classroom
The use of technology in the classroom is not a new topic. It is one that has been
around for hundreds of years, but it was not until the 1990s that this technology boom
drastically accelerated with new computer-related technologies being introduced nearly
every month. Now three decades after the technology boom of the 1990s, technology is
still a major component in the educational setting. Between 1982-1990, during the rise of
Apple II, Macintosh, PC, and other computing technologies, the term “educational
technology” began to surface in educational journals (Elia, 2014). Over the course of the
next couple decades, computers became more integrated into the classroom through
computer labs, the Internet, interactive whiteboards, 1:1 technology, and most recently
video conferencing and remote instruction.
Introduction of Computers in Classrooms
One of the major influences of the movement for technology in education came in
1996 when the first National Educational Technology Plan (NETP1996) was developed
during the Clinton-Gore administration (Alamin et al., 2015). This plan recognized
technology as the “new basic” of education and the Internet as its “blackboard.”
NETP1996 set the following goals: 1) all teachers in the nation will have the training and
support they need to help students learn using computers and the information
superhighway, 2) all teachers and students will have modern multimedia computers in
their classrooms, 3) every classroom will be connected to the information superhighway,
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and 4) effective software and on-line learning resources will be an integral part of every
school's curriculum. The Technology Literacy Challenge Fund was created and provided
$2 billion for five years to help fund these goals. Since 1996, there have been three other
NETPs with the last one occurring in 2010 and focusing on 21st learning skills and
classrooms (Wyzard, 2011).
Computer-Related Classroom Advancements
The push and financial support from the Clinton-Gore administration was needed
to increase the number of computers in schools. Schools around the country began to
place computers in every teacher’s classroom as well as create computer classrooms for
use when each student in a classroom needed access to a computer. This momentum
continued into the 2000s. According to the National Center for Education Statistics, by
2015 about 80% of eighth graders reported using a computer for schoolwork during
weekdays. Students aged 3-18 also stated that school was one of the main locations
where they accessed high speed internet (KewalRamani et al., 2018).
Probeware as an Integral Component of Technology-Enhanced Science Teaching
Another notable advancement was probeware. While the initial technology
development for what would eventually become probeware began in the 1970s, it was not
until the mid-1980s that the development of a universal lab interface was developed. This
was important because up until this point the Apple II had been the dominant computer in
the education sector. However, in the mid-1980s, IBM, Macintosh, Commodore and
Atari all were equally competitive. This led to Pricilla Laws and David Vernier creating a
Universal Lab Interface for different types of probes to be able to work with all
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computers. These probes initially became popular with physics teachers through the
American Association of Physics Teachers conventions as an easy way for students to
record measurements, such as position and speed, during physics labs. As technology and
varied probes became available, science teachers across disciplines were incorporating
the technology into the classroom. In 1997, probeware took yet another giant step
forward due to the development of the first hand held, standalone units (Tinker, 2000).
These are the units we still see today in many science classrooms being used to take real
time data on anything from temperature and pH to even speed and position.
One-to-One Computer Movement
One of the more recent movements in educational technology has been that of
one-to-one computers. Iowa has seen a large increase in the use of computers in the state,
particularly schools implementing 1:1 initiatives in their districts. According to the Iowa
Section of the Computer Science Teachers Association (CSTA) in 2015, 152 out of 333
school districts in the state have implemented 1:1 technology in their school district. This
study focuses on school districts within the Great Prairie Area Education Agency
(GPAEA) which includes 33 public school districts and 6 accredited private schools in a
14-county area of southeast Iowa. Sally Lindgren, the Director of Technology and
Innovation stated that 100% of the school districts within GPAEA have incorporated 1:1
technology, although the methods of incorporation vary. In elementary, the most common
devices used are iPads whereas in middle and high school, Chromebooks are steadily
replacing other types of laptops as the device of choice for school districts in this AEA
(S. Lindgren, personal communication, March 29, 2021). These numbers were largely
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impacted by the need of school districts to take classes online in the spring of 2020 due to
COVID-19. As a result of the pandemic, Iowa K-12 schools received $71.6 million
through the federal CARES Act which allowed the schools to use money to help cover
unexpected costs related to the pandemic including technology (CARES Act, 2020).
Technology-Related Teaching Standards
With the push and incentives to bring technology into the classroom, a clear need
for standards became apparent. The International Society for Technology in Education
(ISTE) helped create standards for not only students but also for teachers. Those
standards have been used for more than 20 years in the United States and have been
adopted in all 50 states. They were most recently updated in 2008 to focus on supporting
learning with technology. For teachers, these standards were created to help deepen their
practice, promote collaboration with other teachers, rethink teaching in the context of the
digital world, as well as prepare their students to have ownership of their learning. The
student standards focus not only on preparing students to be responsible digital citizens,
but also emphasize the importance of being innovative, creative, and to be a
computational thinker (ISTE, 2000).
Iowa not only adopted the ISTE standards, but also created a portion of the Iowa
Core to ensure the incorporation of technology literacy in K-12 classrooms. This portion
of the Iowa Core is called 21st Century Skills and was developed to create classrooms
where Iowa students were acquiring the knowledge and skills to learn and live in the
digital age. These standards stress the importance all classrooms and subject areas
incorporate these standards within their content (Iowa Department of Education, 2008). It
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is because of these standards the Iowa Code for teacher education states that, “each
teacher candidate exhibits competency in all of the following professional core curricula:
… k. Technology” (Standards for Practitioner and Administrator Preparation Programs,
Iowa Code § 79.15(5), 2021). This section of Iowa Code goes on to state in order to earn
a teaching license in the state, the teacher must be able to effectively integrate technology
into their teaching to help support student learning.
Technology Use and Student Learning
Over the past several decades, researchers conducted a multitude of studies
analyzing the effects of technology use in the classroom on student learning. This
research studied technology in many different ways, whether as an advantage or as a
distraction (e.g. Kulik, 2003). Yet, other studies examined how student achievement is
tied to quality and quantity of technology use (e.g. Lei & Zhao, 2007). These studies
guided the way technology is used in the classroom.
Several studies conducted on technology in the classroom focused on the quality
of computer-based instruction versus the quantity of computer use in the classroom. Lei
and Zhao (2007) examined middle school students over the course of one year to see how
the quality of computer use and the quantity of computer use affected students’ grade
point averages. Quality of technology use (how the technology was used) was measured
for its effect on student achievement via GPA scores. Over the course of this study, Lei
and Zhao found that lessons where students used computers to create artifacts of their
learning (e.g. creating websites, use of desktop publishing or using science probes) had
the largest positive impact on student grade point average (Lei & Zhao, 2007). Each of
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these examples of what Lei and Zhao deemed quality lessons correspond with higher
levels of learning. An interesting finding in this study was that while Lei and Zhao found
the quality of technology use could be beneficial to students, lower quality tasks on the
computers were done more frequently than higher quality tasks in the classroom. These
lower quality tasks included emailing friends, using search engines, and taking notes on
the computer.
Lei went on to investigate not only quality of technology use but also how the
quantity of technology use impact student achievement. In this study, Lei (2010) once
again examined middle school students but looked more closely at the relationship
between quality of technology use (based on how technology was used), quantity of
technology use (based on the time spent on computers each day), and a student’s grade
point average. In this study, Lei concluded that it’s not about how much technology gets
used, but rather how that technology is used that makes the greatest impact in student
achievement. As a result, it was concluded there needs to be a focus on quality of
technology use as well as clear and defined educational goals for technology use (Lei,
2010).
Benefits of Technology Use
The most widely studied areas in educational technology examine the benefits
technology have on student achievement. This is a significant area of interest considering
between 2010 and 2011 the number of Iowa schools utilizing one-to-one technology
doubled, making the number of schools approximately 90 (Sauers, 2012). Now, ten years
later it is reasonable to assume this number has increased as the demand for educational
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technology has increased thanks to the COVID-19 pandemic. Now, nearly every school
in the state of Iowa is considered one-to-one with some sort of technology whether it be
laptop, Chromebook, or tablet.
One study examined the advantages of one-to-one laptop computers in two
middle schools and found the addition of students having their own laptop device helped
bring current information directly into the classroom. In addition, teachers were able to
use the technology to collect formative assessment data (Dunleavy et al., 2007). Their
conclusion was the addition of the technology contributed to the effectiveness of the
learning environments by making them more student, assessment, and knowledgecentered. The researchers of this study also found the use of one-to-one laptops in the
classroom helped teachers differentiate their lessons as well as allowing for a more selfpaced classroom. Students were able to complete ongoing research projects as well as
utilize different drill and practice exercises to gain mastery in different content
objectives.
Kulik (1994) found in a meta-analysis students of all age groups not only score
higher on state assessments and have higher GPAs when being exposed to technology in
the classroom, but also learn more content in less time. In addition, Kulik found students’
positive attitudes toward learning increased with this exposure. Kulik in 2003 revisited
the use of computers in education with another meta-analysis. This time he examined the
efficacy, in regards to student learning, of several types of incorporations of computer
technology including computer simulations in math and science classes. Kulik found an
overall positive efficacy, although he did point out the amount of this efficacy increased
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with more recent studies and could be contributed to advances in the simulations studied.
This same result is seen over and over again in several research studies (Harris & AlBataineh, 2015; Bebell & O’Dwyer, 2010; Chang, 2016). Researchers who conducted
these studies concluded content knowledge in both math and science increased when
technology is utilized in the classroom. However, this was not the only content area
researchers analyzed. Researchers also concluded technology use in the classroom
benefits the language arts as well (Lowther et al., 2003).
Apple Classrooms of Tomorrow (ACOT) is a long-term research project funded
by Apple Computer, Incorporated to examine the effects of technology in the classroom
on both teachers and students. In a study conducted in 1994, ACOT found, again,
students perform better and achieve more when in a classroom with technology. In
addition, they found the students’ level of learning, per Bloom’s Taxonomy, was much
higher than those students who were not exposed to technology in the classroom (Baker
et al., 1994).
Higher Order Thinking
Bloom’s Taxonomy
Educators are often asked to create learning targets and objectives for classroom
lessons. These objectives are often used to aim toward higher order thinking in student
learning, but what is higher order thinking? Defining higher order thinking has been
difficult due to the varying examples and non-examples given by psychologists (Cuban,
1984). Through research and compilation of previous definitions, Lewis and Smith
(1993) defined higher order thinking as what “occurs when a person takes new
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information and information stored in memory and interrelates and/or rearranges and
extends this information to achieve a purpose or find possible answers in perplexing
situations” (p. 136). They went on to elaborate the implications to teachers by saying
teachers who encourage higher order thinking help take lessons beyond learning facts and
memorizing and create a learning environment for students to think critically. This is
accomplished by allowing students the opportunity to answer questions or solve problems
in ways other than rote memory. Lewis and Smith’s goal for teachers aligns with the
goals of Benjamin Bloom when he developed his hierarchy known as Bloom’s
Taxonomy. In 1956, Benjamin Bloom along with several collaborators published the
final draft of a framework the teaching world has used for decades known as Bloom’s
Taxonomy (Bloom & Krathwohl, 1956). This framework consists of six major categories
and then subcategories ranging from simple (knowledge) to complex (evaluation). The
categories use nouns for each category’s title and are arranged in a pyramid shape with
higher order thinking at the top (Figure 1). The purpose of the original taxonomy was to
create common language for test banks and measuring learning objectives and outcomes
among faculty at various universities. Bloom’s vision of this framework was much larger
than solely being used as a measurement tool. His belief was that it could serve as a
common language amongst educators of all grade levels and subject matters (Krathwohl,
2002).
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Figure 1
Original Bloom’s Taxonomy

Note. Image from College of Alameda. (n.d.). Bloom’s Taxonomy.
https://alameda.peralta.edu/about-coa/student-learning-outcomes/blooms-taxonomy/

Revised Bloom’s Taxonomy
In 2001, a collection of educational professionals revised and published an
updated version of the taxonomy (Anderson & Krathwohl, 2001). This time, the six main
categories were named with action words thinkers would encounter as they experienced
deeper understanding of the content. The verbiage used for each level changed from
nouns to verbs; for example, the highest order thinking level in the original taxonomy
was “knowledge” and with the revision it changed to “remember.” Use of action words
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also helps educators create learning objectives to clarify learning for both themselves and
their students (Figure 2).

Figure 2
Revised Bloom's Taxonomy

Note. Image from Armstrong, P. (2010). Bloom’s Taxonomy. Vanderbilt University
Center for Teaching. https://cft.vanderbilt.edu/guides-sub-pages/blooms-taxonomy/

Higher Order Thinking in the Science Classroom
As stated previously, the introduction of the NGSS called to the forefront the need
for students to not only understand content but also apply and use that knowledge in
context to real world situations. Many studies have examined higher order thinking in the
science classroom. Barak Miri, Ben-Chaim David, and Zoller Uri (2007) looked at the
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effect of purposely teaching critical thinking skills as a means of promoting higher order
thinking skills. The researchers found when teachers persistently incorporated strategies
designed to enhance those skills, like the ability to assess/evaluate information as well as
the ability to use information to draw conclusions, it led to the development of critical
thinking skills in the students. Another interesting finding in this study was a small
number of teachers in their sample were incorporating strategies for the promotion of
higher order thinking and these teachers were not aware of the strategies they were using
that supported higher-order thinking.
Several other studies focus on the implementation of specific approaches that
foster higher order thinking in student learning, such as problem-based approaches.
Problem-based (Harland, 2002; Gordon et al., 2001) learning has been found to foster an
environment where students are forced to think and challenge themselves in their learning
(Bissell & Lemons, 2006; Thomas, 2000) as well as promote critical thinking skills
(Bishop et al., 2014; Weimer, 2002). All of these studies recommend similar strategies
and teaching approaches as those required by the NGSS.
Higher Order Thinking and Technology Use
As soon as technology entered the science classroom, researchers began looking
at how technology use could help improve higher order thinking in students. One of the
earliest incorporations credited with improving higher order thinking was WebQuests
(Polly & Ausband, 2009). WebQuests were developed in 1995 by Bernie Dodge at Sand
Diego State University as a way to take information from the Internet and utilize it as an
inquiry-based activity. These WebQuests helped students move through a series of tasks
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while transitioning toward higher levels of thinking. Polly and Ausband (2009) were
critical of the fact that teachers often miscategorized their tasks in WebQuests at higher
levels than the researchers believed they should.
Virtual labs, simulations, and probeware have also been the focus of numerous
research studies pertaining to higher order thinking. Several of these studies (Millar,
2005; Hopson, 1998; Aksela, 2005; McMahon, 2009; Gokhale, 1996) found the
incorporation of these forms of technology led to significantly higher levels of thinking
than students who experienced a lecture-lab format of teaching where labs utilize
standard lab equipment and tools of measurement instead of technology. This was
thought to be due to several factors including the technology allowing students to
collaborate easily with other groups even in other classes, the allowance for student
explorations based on the near immediate feedback provided, and the attitudes of students
to apply knowledge to real world applications.
Theoretical Framework
Strategies for Developing Higher Order Thinking
The term “higher order thinking” is a staple in the education community.
However, finding a clear and concise definition is somewhat of a challenge. Lewis and
Smith (1993) examined several components of higher order thinking: 1) the psychology
and philosophy lineage, 2) the difference between what is considered lower order
thinking and higher order thinking, and 3) how higher order thinking differs from other
skills like critical thinking and problem solving. Based on their analysis, the following
definition was offered: “Higher order thinking occurs when a person takes new
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information and information stored in memory and interrelates and/or rearranges and
extends this information to achieve a purpose or find possible answers in perplexing
situations” (p. 136). It was the hope of Lewis and Smith that educational researchers
would build upon this definition to develop strategies for teaching the skill of higher
order thinking and that is precisely what occurred. Miri et al. (2007) came up with three
main categories of such strategies. These were: dealing in class with real world cases,
encouraging open ended discussions, and fostering inquiry-oriented experiments. These
three strategies all fulfill the teaching of higher order thinking by having students refrain
from answering questions that have only one answer or make them remember
information and rather has students look at problems and use their knowledge base to
solve those problems.
Collins (2014) took these strategies and expanded upon them. She wrote on the
importance of specifically teaching the terms and process of each higher order thinking
level. This included modeling the process and explaining to students why higher order
thinking was needed to solve particular problems. This was done by not only
incorporating the strategies written about by Miri et al. (2007), but also to incorporate
metacognition and scaffolding. This scaffolding of classroom activities could be
accomplished through not only teaching specific skills based on content area, but also
utilizing Bloom’s Taxonomy as the building blocks of higher order thinking. This is one
of the reasons Bloom’s Revised Taxonomy will be used as the guiding framework in
answering the research questions of this study. Another reason is due to the prevalent
usage of Bloom’s Revised Taxonomy in classrooms around the world. This framework
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will guide the methodology and data analysis of this qualitative study. Utilizing Lewis
and Smith’s definition of higher order thinking along with Bloom’s Revised Taxonomy,
the categories of analyze, evaluate and create will be considered higher order thinking for
the purposes of this research.
Research Questions
1. How do teachers’ understanding of Bloom’s Revised Taxonomy relate to the
integration of higher order thinking activities in their classrooms?
2. What levels of higher order thinking exist in classroom activities of science
teachers utilizing computer technology in their classrooms?
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CHAPTER 3
METHODOLOGY
Data Collection
Participants
Participants in this study consisted of middle school and high school science
teachers who volunteered to participate in the study. These research participants were
recruited through an email sent via the GPAEA (Appendix A) to all 6-12 science teachers
in that area. All teachers involved worked as a science teacher for at least five years in
classrooms that incorporate one-to-one technology for at least the past three years.
Teachers who participated in this study did so as volunteers and were not compensated in
any manner; however, they were able to learn more about their technology
implementation through the results of this study. All study procedures were approved by
the University of Northern Iowa Institutional Review Board (Appendix A).
Materials and Procedures
Data collection consisted of the completion of an electronic questionnaire on
Bloom’s taxonomy and the collection of instructional artifacts from participants. All
middle school and high school science teachers in the GPAEA region were sent an email
with the questionnaire link. From there, the questionnaire was divided into three sections.
The first section was comprised of questions validating the participants’ eligibility to be a
part of the research. If the participant was not eligible, then the questionnaire would end.
However, if they were eligible the questionnaire would continue to the second section.
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The second section of the questionnaire contained a series of questions designed
to measure the participants’ knowledge of higher order thinking as defined by Bloom’s
Revised Taxonomy. These questions were developed by the researcher and will be
referred to as the Bloom’s Revised Taxonomy Knowledge Inventory (Appendix B). The
inventory consisted of ten scenarios classroom teachers would find familiar. They were
then asked to choose which level of Bloom’s Revised Taxonomy fit each scenario.
Participants were given the list of verbs used in the hierarchy but not the order in which
they occur. To ensure the accuracy of this tool, the scenarios and corresponding Bloom’s
levels were vetted by a professional colleague who is well versed in the recognition of
Bloom’s Revised Taxonomy due to their experience as both a science teacher and college
education methods instructor.
The final section of the questionnaire asked participants to upload one to two
activities or projects they believed best exemplified the use of higher order thinking in
technology rich situations. These activities could include but were not limited to the use
of animations, simulations, probeware, or even data analysis software. Activities
submitted included lesson plans, student handouts and questions, as well as links or files
to any digital materials utilized. Each submitted lesson and accompanying materials were
analyzed by the researcher and the same colleague previously mentioned using Bloom’s
Revised Taxonomy Dichotomous Key adapted from Semsar and Casagrand (2017) to
evaluate the cognitive difficulty of assessments (Appendix C). In their version of the
dichotomous key, the original Bloom’s Taxonomy was used, so for this study the
Dichotomous Key was updated to use the corresponding verbs found in the revised
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taxonomy. Additionally, the original dichotomous key was created with the purpose of
helping teachers examine individual questions within an assessment. Since an entire
activity would be examined for this study, the tool was edited by changing the wording to
reflect that. For example, instead of asking if students could memorize the answer, the
wording was changed to “could students memorize all of the answers involved in this
activity.” Much of the wording was left unchanged as most of it worked for not only the
original intent of the tool but also for this research. The overall goal of this tool was to
examine and score an activity based on the opportunity it gives for higher order thinking.
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CHAPTER 4
RESULTS
Data Collection
A total of 15 teachers opted to take the survey sent out by GPAEA. Of those 15
teachers, only 10 met the participant criteria and completed all requirements. Seven of the
10 teachers responded they had been teaching for a least 10 years and six of the 10
teachers had been utilizing 1:1 technology in their schools for at least six years. The data
collected from these 10 teachers were then analyzed for the purpose of answering the
research questions.
The first data analyzed were the teacher responses to the Bloom’s Revised
Taxonomy Knowledge Inventory which was designed to measure each teacher’s overall
knowledge of Bloom’s Revised Taxonomy. Each correct answer was scored a point for a
maximum score of ten points. The raw data results from the knowledge inventory can be
found in Appendix D. Each lesson plan submitted by the teachers was then analyzed by
the researcher and the professional colleague mentioned in the methodology. The
Bloom’s Revised Taxonomy Dichotomous Key was used to evaluate each lesson plan for
the overall level reached. The level was then recorded as a numerical score where a score
of 1 was given for the lowest level (remember) and a 6 was given for the highest level
(create). These scores were then averaged and used for further analysis. The compilation
of the scores is found in Appendix E.
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Understanding of Bloom’s Revised Taxonomy Versus
Higher Order Thinking Integration in Activities
In order to answer the first research question, how do teachers’ understanding of
Bloom’s Revised Taxonomy relate to the integration of higher order thinking activities in
their classrooms, the teacher responses from the knowledge inventory needed to first be
analyzed. The number of correct responses for each scenario was tallied and those results
were then grouped based on the level of Bloom’s Revised Taxonomy for each scenario.
The data indicate teachers had a better recognition of the lower half of the taxonomy
(Remember, Understand, and Apply) than the higher tiers (Analyze, Evaluate, and
Create) (Table 1). Correct identification of the lowest three tiers of Bloom’s Revised
Taxonomy occurred 70% or more of the time, whereas the percent correct quickly
declined in the highest three tiers.

Table 1
Bloom’s Revised Taxonomy Knowledge Inventory
Bloom’s
Level
Scenario
Number
Correct
(n=10)
Percent
Correct

Remember

Understand

Apply

Analyze

Evaluate

Create

2

5

3

9

6

1

8

10

4

7

8

10

4

10

7

4

3

0

1

1

90

70

70

35

0

10

Responses were generally not far from the correct level of Bloom’s and varied
only one to two levels even in the highest three tiers of the taxonomy (Figure 3). This
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possibly demonstrates a basic knowledge of a general divide between the higher and
lower tiers of higher order thinking although the results showed a lack of accuracy for
recognizing specific levels within Bloom’s Revised Taxonomy. It should also be noted
while most levels of Bloom’s were represented by two different scenarios, the levels of
Create and Apply only had one scenario each and may have affected the results.

Figure 3
Difference in Responses by Bloom’s Level

The next analysis compared the scores on the Knowledge Inventory and the
Dichotomous Key scores for the lessons submitted (Table 2).

25
Table 2
Participant Knowledge Inventory Scores and Dichotomous Key
Participant #

Knowledge Inventory

Ave Dichotomous Key

Score

Score

1

5

4.0

2

5

5.0

3

3

3.0

4

6

2.5

5

4

5.0

6

6

5.2

7

7

3.0

8

4

2.5

9

6

3.8

10

5

2.8

This was done to provide a clearer insight into whether a correlation between
knowledge of Bloom’s Revised Taxonomy and incorporation of higher order thinking in
activities in the classroom existed. To truly determine the presence of a correlation, the
dichotomous key scores were plotted against the knowledge inventory scores and a linear
trend line was added to the graph. When analyzing this data, it was perplexing to find
there was no correlation (R2=0.0001) between teachers’ knowledge of Bloom’s
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Taxonomy and the average level of higher order thinking contained within the lessons
they submitted (Figure 4).

Figure 4
Correlation between Bloom’s Level of Submitted Lessons and Teacher Knowledge of
Bloom’s
6

Average Bloom's Level

5

y = 0.0026x + 3.6577
R² = 1E-05

4
3

2
1
0
0

1

2

3

4

5

6

7

8

Depth of Knowledge of Bloom's

Levels of Higher Order Thinking in Lessons Utilizing Computer Technology
The purpose of the second research question was to determine what levels of
higher order thinking exist in classroom activities of science teachers utilizing technology
in their classrooms. This research question was analyzed a few ways. First, the overall
Bloom’s Revised Taxonomy Dichotomous Key Scores (Appendix E) were examined.
There was a wide variance in those scores considering teachers were asked to submit
lessons that exhibited higher order thinking. So, the researcher then examined the lessons
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more thoroughly to determine if certain types of technology lent themselves to higher
order thinking. To do this, the researcher went back through the responses and compiled
the different types of technology used in the lessons submitted (Appendix F) as well as
compiling data comparing the type of technology used in the lesson submitted versus the
average dichotomous key score (Table 3).

Table 3
Type of Technology Compared to Average Dichotomous Key Score
Type of Technology

Average Dichotomous
Key Score

Special Software

5.50

Probeware

5.38

Simulation

4.00

Computer

3.25

Other smart

2.50

The categories of technology used were: computer, probeware, simulation, special
software, and other smart device. Since it is presumed a computer is necessary for all of
the other categories of technology, the lesson was only counted as having a computer as
it’s means of technology if that was the only type of technology present. Probeware was
used as a category to encompass lessons that utilized any type of probe that could provide
instantaneous feedback/data collection that was stored on a device. Special software in
contrast was used as a category for lessons utilizing specialized software such as logger
pro or graphing calculator software that did not require any types of probeware for use.
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The simulations category was used to include lessons where students used web based or
app-based simulations of scientific concepts and the other smart device category was
used for the use of smart projectors, tablets and other handheld devices. These categories
along with examples are provided in Table 4. This data was then used to help examine
any relationships between the level of Bloom’s and the type of primary technology used.
To calculate this, an average of the dichotomous key scores was taken for each type of
technology.

Table 4
Examples of Technology Categories
Technology Category
Computer

Examples
• Laptop or desktop PC
• Only type of technology used

Simulation

•
•

Web or app based
Provides a virtual context to
scientific concepts

Probeware

•

Logger Pro probes or similar
probes
Must provide real time data
Data can be stored in device

•
•
Special Software

Other Smart Device

•
•
•

Graphing calculator or Logger Pro
software without the probes
Microsoft/Google suites
Design software (Adobe or
AutoCAD)

•

Any non-iPad device
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Through this data analysis, it appears higher dichotomous key scores are
associated with the use of special software and probeware. This suggests the use of these
types of technology lend themselves to higher order thinking, although to accurately
conclude this would require further investigation.
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CHAPTER 5
DISCUSSION
Research Question 1
Both Miri et al. (2007) and Collins (2014) stressed the importance of teaching
higher order thinking skills to students, so one would hope there would have to be a solid
knowledge base by the teacher in order for this teaching to occur. The results of this
research found there was an overall lack in ability of the teacher participants to recognize
activities involving the higher tiers of Bloom’s Revised Taxonomy. The data also showed
no correlation between the teacher’s knowledge of Bloom’s Revised Taxonomy and the
integration of higher order thinking activities in their science classroom.
This is an interesting result when one considers the importance of teaching higher
order thinking skills to students. This finding brings up the additional question of how
successful students can be with higher order thinking tasks when they are assigned by a
teacher lacking the knowledge of Bloom’s Revised Taxonomy needed to correctly
identify when these skills are used. In addition, one has to recall the importance of
incorporating higher order thinking in the classroom as described by Miri et al. (2007)
and its connection to critical thinking. This framework is one that has been used as a
foundation to science education best practices and is even incorporated in the NGSS. If
teachers have a difficult time recognizing higher order thinking, then how successful are
they at consistently providing opportunities for their students to utilize that skill set?
One implication from this study is the necessity to examine why teachers struggle
with correctly identifying higher order thinking skills, the highest three tiers of the
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hierarchy. This was not a surprise since Polly and Ausband (2009) reported similar
findings in their research on WebQuests. While they did not examine teachers’
knowledge of higher order thinking, they did find teachers consistently miscategorized
questions and tasks as higher levels of thinking than what these tasks were categorized.
This study did not find any correlation between the ability to categorize Bloom’s
levels during the knowledge inventory and the Bloom’s levels demonstrated in the
lessons submitted, although teachers were asked to submit lessons involving both higher
order thinking and technology. Even with this finding, we cannot argue with the research
of Bandura (1986) showing modeling as one of the most efficient modes of learning. One
might conclude in order to best model higher orders of thinking one has to have a mastery
in order to recognize those levels of Bloom’s Revised Taxonomy within different
scenarios.
Research Question 2
From this research, it was determined teacher knowledge of Bloom’s Revised
Taxonomy did not impact the higher order thinking skills involved in their submitted
lessons. Although, there was evidence certain types of technology may naturally lend
themselves to higher order thinking. With technology being in nearly every classroom in
the state and technology funds limited in school districts, it is imperative to evaluate the
importance of many types of technology. This study can help prioritize spending on items
such as special software and probeware sometimes overlooked or deemed non-essential.
The relationship between probeware and special software such as LoggerPro achieving
higher levels of Bloom’s mirrors the studies mentioned previously by Millar (2005),
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Hopson (1998), and several other researchers. These studies all suggested virtual labs,
simulations, and probeware promote higher order thinking and this was further supported
in this study.
Finding this relationship between the types of technology and higher order
thinking reiterates the findings of Lei (2010) where it was found the quality of
technology, more specifically how and what technology, had an impact on a student’s
achievement/grade point average. Lei further stressed the importance of the need for
teachers to focus on the quality of technology use and having clear educational goals for
technology use. While this latter part was not studied in this research, it does provide
insight of how to continue this research.
Limitations/Future Research
This research serves the purpose of being an initial study into the impacts teacher
knowledge and technology can have on encouraging students to engage in higher order
thinking in the science classroom. While this study began to chip away at the research
questions, the data collected created more questions. A larger sample size is needed to
better examine the correlations between background knowledge of higher order thinking
and its presence in the submitted lessons. With such a small sample (10 participants),
correlations and trends are harder to identify and not statistically valid. In addition,
providing additional scenarios in the Bloom’s Revised Taxonomy Knowledge Inventory,
would help generate a better measure of each teacher’s ability to identify the different
levels within the taxonomy. As stated previously, two levels of Bloom’s Revised
Taxonomy only had one scenario each whereas the other levels had two scenarios each.
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Similarly, the knowledge inventory is a new instrument that with the small sample size
cannot be tested for validity and reliability.
Further, it would be beneficial to have each teacher submit a specific number of
lessons (perhaps three) so all teacher submissions had the same quantity of lessons. This
would help with the accuracy of the data analysis since during this research, some
participants submitted one lesson and others submitted three. This meant one participant
was scored on one lesson, others who submitted multiple lessons had their lesson scores
averaged. This inconsistency could have played a role in the lack of correlation between
teacher knowledge of Bloom’s and level of Bloom’s within their submissions. Similarly,
another limitation of this study was the assumption that the teachers who participated had
access to technology enriched lessons that also were providing opportunities to learn at
higher orders of thinking. Participants may have simply submitted lessons that
represented the “highest” order thinking they had, rather than lessons that required
students to create, evaluate, of analyze or opted out of the study entirely they realized
they did not have such lessons.
Another recommendation is to film the lesson implementation in the classroom to
examine whether students are engaging at the level of higher order thinking to which the
lesson lends itself. This would help provide a better measure of the impact on higher
order thinking as this study made the assumption that students would be performing at the
intended level, which is not always the case. In a similar regard, it would be interesting to
provide teachers a way to comment on the level of Bloom’s Revised Taxonomy they
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intend for the activity to reach and then compare this intent with the actual level
achieved.
Conclusions
Overall, this study found there to be no correlation between the teacher’s
understanding of Bloom’s Revised Taxonomy and their integration of higher order
thinking activities in their classrooms. In addition, a wide variety of levels according to
Bloom’s Revised Taxonomy occurred in lessons submitted by teachers despite them
being asked to submit lessons and activities where the highest levels of thinking (top
three tiers) were occurring. This shows just because there is technology involved in the
lesson, higher order thinking is not necessarily involved; although, data seemed to
indicate that particular types of technology (probeware, simulations, et cetera) lent
themselves to those higher levels of thinking. As this was not a question being
researched, this conclusion would need further investigation in order to validate.
The implications of this research on the average science classroom are twofold.
First, this study begins to show trends similar to previous research where the importance
of quality technology is stressed. This concept is one that classroom teachers should keep
in mind when planning and implementing curriculum with the intent of increasing the
amounts of higher order thinking. As stated previously, this should be a talking point
among administrators, technology coordinators, and school boards who take on the
decision making of what technology will be purchased. The other impact to the science
classroom is bringing up the question of how does the teacher’s knowledge of Bloom’s
impact the modeling and performing of higher order thinking in the classroom. With
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higher order thinking being an essential component to classroom best practices,
identification of higher order thinking must be an area of continuing education for
teachers. The more teachers are able to identify and model higher order thinking, the
better their students will be able to apply those skills to the classroom and beyond.
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APPENDIX A
IRB APPROVAL AND RECRUITMENT LETTER
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Dear Tracy Jarrett,

I am a Master’s of Education – Science Education student at the University of
Northern Iowa and am currently working on my thesis research project. My topic is
about the impact of technology on higher order learning in the science classroom. I am
wanting to find participants for this study who are science teachers in the GPAEA region
and was wondering if you could send the below text/information out via your mailing list
to all the 6-12th grade science teachers in that region.

I am conducting a survey of people who teach science in 1:1 schools and incorporate
technology into their lessons and activities. The survey takes about 10 minutes and it can
be done online. In addition, at the end of the survey, you will be asked to provide 1-2
lessons/activities with supporting documents (student handouts, notes, etc.). Participation
in this survey is voluntary, but greatly appreciated. Click on the link if interested:
https://forms.gle/ag1Bbro1FBH8Hrst5

Thank you,

Mauree A. Haage
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APPENDIX B
BLOOM’S REVISED TAXONOMY KNOWLEDGE INVENTORY
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APPENDIX C
BLOOM’S REVISED TAXONOMY DICHOTOMOUS KEY
FOR ACTIVITY ANALYSIS

Activity Title:
NGSS standards met with this activity:

Performance expectations:

Directions: Examine your activity or lab and determine a portion of the activity that
exhibits the highest level of Bloom’s Revised Taxonomy. Using this portion of the
activity, go through this dichotomous key to determine the level of higher order thinking
the activity achieves. While your activity may hit on a variety of levels, it is asked that
you focus on only the portion that you believe is the highest level of thinking. Once you
have determined the level according to this tool, use the spot indicated to provide specific
evidence from the activity. This tool needs to be completed on a total of two activities
that incorporate high order thinking and technology.

Question 1. Could students memorize the answers to all of this activity’s questions?
Yes: go to question 2.
No: go to question 4.
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Question 2. To answer the questions, are students repeating nearly exactly what they have
heard or seen in class materials (including lecture, textbook, laboratory, homework,
clicker, etc.)?
Yes: See “Remember”
Provide evidence:

No: go to question 3.

Question 3. Are students demonstrating a conceptual understanding by putting the
answers in their own words, matching examples to concepts, representing a concept in a
new form (words to graph, etc.), etc.?
Yes: See “Understand”
Provide evidence:

No: Go back to question 1.

Question 4. Is there potentially more than one valid solution (even if a “better” one exists
or if there is a limit to what solutions can be chosen)?
Yes: go to question 5.
No: go to question 8.
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Question 5. Are students making a judgment and/or justifying their answers?
Yes: See “Evaluate”
Provide evidence:

No: go to question 6.

Question 6. Are students synthesizing information into a bigger picture (coherent whole)
or creating something they haven’t seen before (a novel hypothesis, novel model, etc.)?
Yes: See “Create”
Provide evidence:

No: go to question 7.

Question 7. Are students being asked to compare/contrast information?
Yes: See “Analyze”
Provide evidence:

No: go to question 16.
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Question 8. To answer the questions, do students have to interpret data (graph, table,
figure, story problem, etc.)?
Yes: go to question 9.
No: go to question 14.

Question 9. Are students determining whether the data are consistent with a given
scenario or whether conclusions are consistent with the data? Are students critiquing
validity, quality, or experimental data/methods?
Yes: see “Evaluate”
Provide evidence:

No: go to question 10.

Question 10. Are students building up a model or novel hypothesis from the data?
Yes: See “Create”
Provide evidence:

No: go to question 11.
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Question 11. Are students coming to a conclusion about what the data mean (they may or
may not be required to explain the conclusion) and/or having to decide what data are
important to solve the problem (i.e., picking out relevant from irrelevant information)?
Yes: See “Analyze”
Provide evidence:

No: go to question 12.

Question 12. Are students using the data to calculate the value of a variable?
Yes: See “Apply”
Provide evidence:

No: go to question 13.

Question 13. Are students redescribing the data to demonstrate they understand what the
data represent?
Yes: See “Understand”
Provide evidence:

53
No: go back to questions 4 and 8.
Question 14. Are students putting information from several areas together to create a new
pattern/structure/model/etc.?
Yes: See “Create”
Provide evidence:

No: go to question 15.

Question 15. Are students predicting the outcome or trend of a fairly simple change to a
scenario?
Yes: See “Apply”
Provide evidence:

No: go to question 16.

Question 16. Are students demonstrating that they understand a concept by putting it into
a different form (new example, analogy, comparison, etc.) than they have seen in class?
Yes: See “Understand”
Provide evidence:
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No: go back through each category or refer to category descriptions to see which
fits best.
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APPENDIX D
KNOWLEDGE INVENTORY SCORES

Participant

1

2

3

4

5

6

7

8

9

10

Score /10

5

5

3

6

4

5

7

4

3

4
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APPENDIX E
BLOOM’S REVISED TAXONOMY DICHOTOMOUS KEY (DK) SCORES
This data table shows each teacher participant’s lesson submission and how it was scored
by the researcher and professional colleague. Some teachers submitted more than one
lesson and those are represented by a letter after the participant number.
Participant #

Score 1

Score 2

Average

1

4

4

4

2

5

5

5

3a

2

2

2

3b

4

4

4

4a

2

2

2

4b

3

3

3

5

5

5

5

6a

6

6

6

6b

6

5

5.5

6c

5

4

4.5

7

3

3

3

8a

2

3

2.5

8b

2

3

2.5

9a

3

4

2.5

9b

2

4

3
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Participant #

Score 1

Score 2

Average

10a

2

3

2.5

10b

3

3

3

58
APPENDIX F
PRIMARY TYPE OF TECHNOLOGY FOR SUBMITTED LESSONS
Participant

Primary Type of Technology

1

DK
Score
4

2

5

Probeware

3

2

Computer

4

Computer

2

Other smart

3

Other smart

5

5

Probeware

6

6

Probeware

5.5

Probeware/Special Software

4

Simulations/VL

7

3

Computer

8

2.5

Other smart

2.5

Other smart

4

Computer

3.5

Computer

2.5

Computer

3

Computer

4

9

10

Computer

